A 78-year-old male with a history of coronary artery disease and complete atrioventricular block was referred to the Department of Cardiology, Zhongshan Hospital, Fudan University, Shanghai, China, to implant a DDD dual-chamber pacemaker. He suffered from chronic obstructive pulmonary disease (COPD) for several years. The computed tomography (CT) scan of the chest showed bilateral pulmonary emphysema and pulmonary bulla especially in the left lung [ Figure 1 ]. During the implantation, the percutaneous subclavian vein approach was used after multiple attempts until the guide wires were successfully advanced. Then, the atrial and the ventricular leads were positioned at the right atrial appendage and the septum of the right ventricular outflow tract with fluoroscopic guidance, respectively. Both atrial and the ventricular leads' pacing thresholds, sensing thresholds, and impedances were acceptable (atrial lead: 1 V at 0.4 ms, 5.6 mV, 650 Ω; ventricular lead: 0.8 V at 0.4 ms, 15.6 mV, 770 Ω). On the 2 nd day after the procedure, the patient developed expanding subcutaneous emphysema on the neck, the anterior chest wall, and the right upper limb. He remained hemodynamically stable with no complaint of chest pain and dyspnea. Blood gas analysis performed immediately showed that blood oxygen saturation was 99%, without hypoxia or hypercarbia. A chest X-ray film [ Figure 2 ] and a CT scan [ Figure 3 ] indicated a bilateral small amount of pneumothorax associated with pneumomediastinum and widespread bilateral subcutaneous emphysema involving the thorax, extending superiorly to the neck, and inferiorly to the anterior chest and even dorsal wall. Interrogation of the pacemaker revealed no changes in both atrial and ventricular leads' parameters of pacing, sensing, and impedance. Continuous low-volume oxygen inhalation, left supraclavicular subcutaneous needles drainage, and a small incision of the right subcutaneous chest wall drainage helped to relieve the subcutaneous emphysema and enabled the patient to be discharged with clinical resolution of pneumothorax, pneumomediastinum, and subcutaneous emphysema on the 7 th day postprocedure. Pneumothorax is a relatively common early complication after pacemaker implantation due to subclavian vein puncture, while pneumothorax associated pneumomediastinum and subcutaneous emphysema are rather unusual. Herein, we reported a case of bilateral pneumothorax associated with pneumomediastinum and widespread bilateral subcutaneous emphysema after pacemaker implantation due to percutaneous subclavian vein approach after multiple attempts and was successfully relieved by continuous low-volume oxygen inhalation, subcutaneous needles, and incision drainage.
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discussion
Pneumothorax is a relatively common early complication after pacemaker implantation, while pneumothorax associated pneumomediastinum and subcutaneous emphysema have been reported as an unusual complication of subclavian vein puncture especially after multiple attempts. [1, 2] The pneumothorax, pneumomediastinum, and subcutaneous emphysema in our case are likely due to the inadvertent puncture of the mediastinal aspect of the lung, causing air to escape to the mediastinum and subcutaneous tissue, similar to the cases reported previously. [1, 2] This might be relatively easy to happen during the multiple percutaneous puncture attempts through the subclavian vein approach in our patient with a history of COPD and bilateral pulmonary emphysema and pulmonary bulla preoperation. Other than venous puncture, another cause of pneumomediastinum, especially pneumopericardium with contralateral pneumothorax, might be due to an overscrewing of the active-fixation lead through the thin atrial wall, as cited in the literature. [3] [4] [5] However, it is not likely to be the cause of the present case since the pneumothorax and subcutaneous emphysema were bilateral, and the atrial lead was also a passive fixation with no changes in both atrial and ventricular leads' parameters of pacing, sensing, and impedance postoperation.
Aggressive air drainage with subcutaneous needles, suprasternal drainage, and infraclavicular incisions has been used to treat severe mediastinal and subcutaneous emphysema. However, extensive pneumomediastinum and subcutaneous emphysema can still be managed conservatively. [1, 6] In our case, although the pneumomediastinum and bilateral subcutaneous emphysema were widespread, the patient remained hemodynamically stable and showed no sign of dyspnea. Consequently, the closed thoracic drainage was not used for the small amount of pneumothorax. Concerning the history of COPD and bilateral pulmonary emphysema and pulmonary bulla, we performed continuous low-volume oxygen inhalation, left supraclavicular subcutaneous needles drainage, and a small incision of the right subcutaneous chest wall drainage and successfully resolved the subcutaneous emphysema several days after the procedure.
In conclusion, bilateral pneumothorax associated with pneumomediastinum and bilateral subcutaneous emphysema might occur as an early complication of pacemaker implantation due to percutaneous subclavian vein approach especially after multiple attempts. We suggest caution in the subclavian vein puncturing especially in COPD patients. Continuous low-volume oxygen inhalation, subcutaneous needles, and incisions drainage might help resolve the situation.
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